Numerous theories of how and why aging occurs have been postulated but a definitive comprehensive explanation remains elusive. Attempts to unravel genetic details of aging resulted in the identification of a yeast gene known as Sir2 as a modulator of life span. Identification and characterization of mammalian Sir2 homologs followed and has catapulted aging research to exciting new levels. This review begins with basic definitions of aging and then describes some of the most common theories of the aging process. The review presents information related to the initial discovery of the Sirtuins and summarizes some of the recent advances in defining roles for Sirtuin family members. SIRT6 is discussed in greater detail because it is one of the best characterized of the mammalian Sirtuins and seems to be one of the most important in the aging process and metabolic regulation.
Definition of Aging
There are various and numerous ways to define aging. Aging is basically defined as the biological impairment of normal function probably as a result of changes made to cells and structural components such as bone and muscle. Aging can also be thought of as the accumulation of changes in a person or organism over time. Biological aging is also sometimes referred to as "senescence" and is considered the changes in the biology of an organism after it reaches maturity. In fact, the word senescence is derived from the Latin word senescere which means "to grow old". In humans, it is a multidimensional process that includes biological, functional and social change. There are numerous theories as to how and why the changes occur and the study of aging is the focus of much research as scientists attempt to determine if there are ways to slow, avoid or even reverse the effects of aging.
Putative Causes and Theories of Aging
Because aging potentially affects every human being there is a tremendous amount of research examining the process of aging. As findings have accumulated, a number of models and theories have developed and been tested in an attempt explain aging. Some of the theories are based on evolutionary events and involve the accumulation of changes to an organism's makeup over time. Some of the theories of aging involve specific physiologic and or cellular alterations that occur and may explain why an organism such as humans age during their lifetime. A number of the physiologic and cellular theories are identified and briefly explained below.
The telomere theory of aging hypothesizes that normal somatic cells have a finite life span that is determined by the length of their telomeric DNA. Telomeric DNA consists of long repeating sequences that are located at the ends of chromosomal DNA and are added and maintained by an enzyme known as telomerase [1] . Cells typically seem to lose telomeric DNA as they divide and when this DNA reaches a specific shortened length the cells tend to enter senescence and stop dividing. Indeed, this is an intriguing theory as the promotion of telomerase activity and re-lengthening of telomerase activity in human senescent cells allowed the cells to exit sensecence and replicate [2] . Research related to this theory has continued and it is still considered to be a relevant theory of aging.
The autoimmune theory of aging is a fairly recent hypothesis. It states that the body later in life begins to produce autoantibodies against its own tissues and/or there are time-acquired deficits in T-cell function. These changes make the body susceptible to infections, cancer, and other chronic diseases especially autoimmune diseases. The role of autoimmune aberrations in aging, like many other theories, remains to be determined. However, there is indeed strong evidence that the immune system is involved in the aging process and this has led to the term "inflamm-aging" to describe the process. In this model, innate immunity seems to be activated and this causes systemic inflammation that alters both systems and cellular processes and these contribute to the aging phenoltype [3] . One of the key molecules in this process appears to be the well-known, well-described transcription factor complex known as Nuclear Factor Kappa-B (NFkB). This is one of the most studied theories in aging and will be discussed in greater detail in the subsequent section on NF-kB.
Considerable attention has also been placed on epigenetics and aging. The term epigenetics was coined to explain alterations related to a gene's expression that does not directly alter the nucleotide sequence of the gene. The alterations include structural modifications to chromatin that regulate the transcription of certain genes. These modifications include DNA-methylation, histone acetylation, imprinting, RNA-interference, gene silencing and paramutations [4] . Epigenetics plays a role in regulating numerous genes that have been shown to have roles in aging and shorten lifespan. One of the best examples of how epigenetics is related to aging is the gene in yeast known as Sir-2. Genetic studies showed caloric restriction increased longevity and that Sir-2 was involved and subsequently it was shown that Sir-2 is a member of family of genes now known as the SIRTs (sirtuins) that are expressed in a wide variety of organisms including humans. Mechanistic studies subsequently showed that SIRTs are deacetylases that modify chromatin structure to modulate transcription of genes via epigenetics. The SIRTs and epigenetics are one of the most researched aging theories and will be discussed in greater detail in a later section.
When caloric restriction was first found to increase longevity in rats [5] , researchers began to perform follow up studies designed to determine the mechanisms involved. Eventually a theory developed that suggested that perhaps the reason caloric restriction promoted longevity was because fewer free radicals (also known as reactive oxygen species (ROS)) were formed due to less metabolism of energy producing substrates. This is now known as the free radical theory of aging of Harman and it proposes that during aging, macromolecules are oxidized and accumulate to compromise cellular functions and shorten lifespan [6] . The free radicals damage cellular membranes, proteins and DNA, as well as other molecules, and it was hypothesized that the damage to mitochondria was especially harmful and was linked to lifespan [7] .
However, recent studies have indicated there are shortcomings to the free radical theory of aging. Nutritional and genetic strategies that increase anti-oxidants typically have not resulted in an increased lifespan. For example, when the results of nineteen clinical trials with vitamin E supplementation were compiled there appeared to be no reduction in mortality [8] . Supplementation with vitamin C also appeared to have no significant benefit to lifespan extension [9] . Studies using molecular techniques to increase levels of key anti-oxidant enzymes had mixed results with some having no effect while others increased lifespan of mice [10] [11] [12] . Another challenge to the free radical theory of aging is that of exercise. In general, exercise increases free radical production [13] and cellular damage and yet exercise generally enhances human aging [14] and extends lifespan in mice [15] and rats [16] . Overall, there is validity in the free radical theory of aging but it does not account for all aspects of the aging process.
Role of Sirtuins in Aging

Sirtuins and Longevity
In the late 1980's, a group of genes was first described in the yeast Saccharomyces cerevisiae as having a role in determining yeast mating types. The genes were called the SIR (silent information regulator) genes because they could transcriptionally repress the silent mating loci known as HML and HMR [17, 18] . Additional roles were also characterized for the SIR genes but in the late 1990's a breakthrough was made that linked one of the SIR genes to increased lifespan (longevity) in yeast and subsequent research into their functions increased exponentially. The breakthrough was in 1999 when Kaeberlein et al. showed that the yeast Sir2 gene decreased life span when it was mutated but increased lifespan when wildtype Sir2 expression was increased [19] . As mentioned previously, years ago a study by McCay et al. (1939) showed that caloric restriction (CR) in rats extended their lifespan [5] . Additional studies in several species and organisms indicated that CR extends their life span as well. A follow-up study, by the same research group that showed Sir2 increased longevity, provided evidence that caloric restriction could not increase longevity in Sir2 mutant yeast. This indicated that Sir2 was indeed required for the increased lifespan with caloric restriction [20] . Subsequent analysis indicated SIRT1 is the mammalian homolog of the yeast Sir2. It has since been determined that mammals express seven homologs of yeast Sir2 and they are known as Sirtuins 1 -7 [21] . However, it has been shown that SIRT1 has the closest structural and sequence similarity to Sir2, hence it received the most attention in the initial phase of research in mammalian sirtuins.
Characterization of the Sirtuins
There are now a multitude of details known about the Sirtuins. The Sirtuins are NAD-dependent deacetylases that remove acetyl groups from amino acid residues of histone proteins. Sir2 and SIRT1 were the first in the group to be identified as deacetylases [22] . Acetylation of lysine residues is a common post-translational modification often used in epigenetic regulation. By deacetylating histones the SIRTs alter chromatin structure and modulate expression of genes involved in a wide range of activities and different tissues. However, recent work has indicated that SIRTs also deacetylate molecules that are not histones. For example, SIRT1 deacetylates cytosolic acetyl-CoA synthetase [23], a key enzyme in fatty acid synthesis. SIRT1 also deacetylates several transcription factors including PGC-1alpha [24] . In this process, fasting induces SIRT1 protein in the liver which then interacts with and deacetylates PGC-1alpha which induces gluconeogenic genes and hepatic glucose output. In addition, the deacetylation of PGC-1alpha by SIRT1 caused repression of hepatic glycolysis in fasting [24] . These findings implicate SIRT1 as a key regulator of energy homeostasis in addition to its originally described roles.
Other studies have shown that SIRT1 deacetylates transcription factors that are involved in the mammalian cellular stress response. Findings reported by Brunet et al., 2004 [25] , provided evidence that SIRT1 interacted with members of the stress-response FOXO transcription factor family known as Forkhead. Specifically, it was found that SIRT1 and the transcription factor FOXO3 formed a complex when cells were exposed to oxidative stress. When this occurred, SIRT1 deacetylated FOXO3 and increased FOXO3's ability to induce cell cycle arrest. This also inhibited FOXO3's ability to induce cell death. This implies that "one way in which members of the Sir2 family of proteins may increase organismal longevity is by tipping FOXO-dependent responses away from apoptosis and toward stress resistance" [25] . Another intriguing recent finding was that SIRT1 physically binds to a component of NF-kB and inhibits its effects on gene expression [26] . Therefore, perhaps at least one member of the Sirtuin family may enhance longevity by decreasing the inflamm-aging process via NF-kB. These data suggest that the elevation of SIRT1 levels associated with caloric restriction may impart some of its increased longevity effects by decreasing the effects of NF-kB.
Moreover, recent work has also shown beneficial effects of dietary components such as quercetin (a natural polyphenolic flavonoid) and resveratrol (polyphenol found in relatively high amounts in grapes) may exert their effects via activation of SIRT1 [27, 28] . SIRT1 has also been reported to modulate plasma glucose levels and insulin sensitivity of tissues [29] . There are now significant numbers of studies on how dietary components regulate SIRT1 and other SIRT family members. In fact, the number of studies is too significant to report in this review. In view of the findings related to the multiple roles of SIRT1 in regulating so many vital processes including lifespan, it seems likely the investigation of ways to manipulate SIRT activity via dietary and lifestyle options will expand dramatically in the near future.
Roles of Sirtuin Family Members
Research is underway to characterize other Sirtuin family members and as a result it has been shown that SIRTs 1, 2, 6 and 7 are in the nucleus but 3, 4, and 5 are in the mitochondria. SIRT3 is uniquely intriguing because it has been shown to shuttle from the cytosol to the mitochondria during cellular stress [30] . This protein appears to have effects on multiple cellular components including genes in the nucleus and the mitochondria although most of its effects appear to be in mitochondria. For example, a recent study by Ahn et al. (2008) indicated SIRT3 upregulates ATP production by enhancing levels of electron transport chain Complex I components [31] . In addition, it was recently shown that SIRT3 levels significantly decreased with age and were associated with decreased ATP production [32] .
Protein acetylation in mitochondria is now believed to be a significant part of regulation of mitochondrial processes [33] . A recent study reported acetylated sites on 195 proteins including a significant number of non-histone proteins. It is of interest that 133 of the proteins were mitochondrial proteins [34] . SIRT3 appears to be the major regulator of mitochondrial acetylation and this is supported by experiments that showed no significant differences in mice lacking SIRT4 and 5 [35] while hyperacetylation was observed in SIRT3 null mice. SIRT3 is also implicated as having a role in the hyperacetylation of mitochondrial protein that occurs in mice with fatty liver due to a chronic high fat diet [36] . In the livers of mice fed a high-fat diet there was a decrease in SIRT3 activity, a 3-fold decrease in NAD+ levels and increased oxidation of mitochondrial proteins. This was associated with reduced activity of electron transport chain Complexes III and IV and this could increase the risk of hepatic lipotoxicity [36] . Therefore it appears that SIRT3 is a key regulator of mitochondrial metabolism and is sensitive to dietary effectors such as a high fat diet.
Although the mechanisms remain largely unexplained, evidence suggests that some of the beneficial effects of CR on longevity involve alterations in mitochondrial functions [37] . Studies have shown that CR tends to increase mitochondrial biogenesis and decrease reactive oxygen species (ROS) in mammals and these responses tend to decrease oxidative damage to macromolecules and cellular damage, two items that are associated with reduced longevity. Because of the vital role acetylation plays in mitochondrial function it stands to reason that acetylation is involved in CR and that SIRT3 must play a role. Indeed, it has been shown that SIRT3 increases mitochondrial biogenesis via activation of the transcription factor known as PGC-1alpha [38] [39] [40] . The reciprocal is also true as PGC-1alpha stimulates SIRT3 expression by binding to the SIRT3 promoter [41] . PGC-1alpha is a co-activator protein that is responsible for affecting the expression of a large number of genes, in fact so many genes are affected that it is referred to as a master regulator of gene expression and metabolism. Given the apparent connection between SIRT3 and PGC-1alpha there seems no doubt that SIRT3 has the ability to regulate a high number of cellular processes to affect the status and longevity of organisms.
Less is known about the roles of SIRTs 4 and 5 as compared to SIRTs 1 and 3. SIRT4 is present in the mitochondrial matrix and is highly expressed in kidney, heart, brain, liver and pancreatic beta-cells [42, 43] . During CR SIRT4 expression declines in the liver but its levels increase in genetic models used to mimic diabetes [43, 44] . Interestingly, to this point no deacetylase activity has been found for SIRT4 [42, 43] . However, it has been shown in mice that SIRT4 ADP-ribosylates glutamate dehydrogenase (GDH) resulting in inactivation of the enzyme [43] . GDH converts glutamate to alpha-ketoglutarate and repression of GDH by SIRT4 decreases the amino acid stimulation of insulin secretion from pancreatic beta-cells [43] . Therefore, reduced SIRT4 activity allows higher GDH activity and amino acid-stimulated insulin secretion during CR when amino acids are being used as an energy source at a higher level. Another recent study has also shown that SIRT4 knockdown in tissue culture and mouse liver caused increased expression of fatty acid metabolism enzymes [44] . Whether or not SIRT4 will be found to have deacetylase activity remains to be determined. However, it is already apparent that SIRT4 plays a role in regulating energy pathways. SIRT5 appears to differ from SIRTs 3 and 4 in that its liver levels do not seem to change in response to CR [45, 46] . SIRT5 null mice do not show any major phenotype and there is not a difference in mitochondrial acetylation of proteins [35] as there is in SIRT3 null mice. SIRT5 does not appear to have robust deacetylase activity and does not have high propensity to act upon the typical target of histone proteins [47, 48] . However, it has been shown that SIRT5 interacts with and deacetylates carbamoyl phosphate synthetase 1 (CPS1) and this activates the enzyme [45] . CPS1 combines ammonia with carbon dioxide in the first, rate-limiting step of the urea cycle in the mitochondria of liver. The study by Nakagawa et al. (2009) showed that SIRT5-deficient mice had elevated levels of ammonia during a prolonged fast due to insufficient up-regulation of CPS1 activity [45] . Therefore, SIRT5 appears to play a key role in the regulation of the urea cycle and ammonia disposal. To date, this is the only known role for SIRT5 but it seems likely additional functions will be uncovered.
SIRT6 in Aging
Defining a Role for SIRT6
SIRT6 is one of the well-characterized members of the SIRTs family and it has been described as having a role in numerous functions. A few years ago, Michishita et al. (2008) provided evidence that SIRT6 binds to telomere chromatin and can modify its structure by functioning as a NAD-dependent deacetylase [49] . Their work indicated SIRT6 could remove an acetyl group from histone H3 lysine 9 (H3K9) and that this can modify the structure of the telomeric chromatin. Telomeres are long repeating sequences of DNA that exist on the ends of each of the chromosomes [1, 50] . Maintenance of telomere structure has been shown to be vital in protecting against genomic instability and telomere dysfunction can lead to tumor formation [51, 52] . Michishita et al. (2008) utilized knockdown experiments and provided evidence that loss of SIRT6 function results in complications similar to Werner Syndrome [49, 53] . Additional work by this research group showed that SIRT6 is also involved in H3K56 deacetylation and that this is important for the regulation of cell cycle arrest [54] . Therefore, the last few years have suggested that SIRT6 has an important role in protecting cellular telomeres and cell cycle regulation. In view of these findings, SIRT6 may be important for protection against cancer since dysfunction of telomeres and cell cycle regulation may lead to cancer.
Another theory related to tumorigenesis is that cells must accumulate several DNA mutations as they change from normal cells to cancer cells. Because cells have several DNA repair mechanisms/pathways there is typically an inherent ability to repair DNA before mutations cause cellular transformation to cancerous cells. One of the first studies to link SIRT6 to the DNA repair systems was one using SIRT6 deficient mouse embryonic fibroblasts (MEFs) and stem cells [55] . The investigators reported that SIRT6 deficient cells were more sensitive to DNA damaging agents and they divided more slowly than wild type cells. The data also indicated that SIRT6 was involved in regulating base excision repair (BER), one of the DNA repair pathways [55] . However, at this point the precise role of SIRT6 in BER is yet to be defined.
Another DNA repair mechanism is the repair of double-strand breaks (DSB) in the DNA structure. When DNA contains a mutation that is more significant than a single nucleotide mismatch then a DSB is a typical result. The DSB can then lead to chromosomal end fusion and genomic instability. In 2009, McCord et al. showed that SIRT6 participates in DSB DNA repair by forming a macromolecular complex with the DNA DSB repair protein DNA-dependent protein kinase [56] . The interaction with SIRT6 stabilizes the kinase attachment to chromatin and facilitates DSB repair [56] . In 2011 it was reported that oxidative stress leading to DSB causes SIRT6 to translocate to the site of the DNA DSB [57] . These studies suggest an important role for SIRT6 in genomic stability because SIRT6 appears to support DSB repair. SIRT6 was found to associate with Poly-ADP-ribose Polymerase 1 (PARP1) during the conditions of oxidative stress. PARP1 is an enzyme that modifies nuclear proteins by ADP-ribosylation and is involved in a number of processes including DNA repair. The result of SIRT6-PARP1 association was ribosylation of lysine residue 521 of PARP1 and its activation which enhanced DSB repair during the oxidative stress conditions [57] . In summary, it appears SIRT6 is important for DNA repair by both the BER and DSB pathways.
SIRT6-Deficient Phenotype
SIRT6 deficiency appears to have more detrimental effects as compared to deficiencies of the other SIRT family members. Work by described the phenotype of SIRT6 knockout mice as one that leads to numerous abnormalities early in the life cycle [55] . The mice are born with an apparently normal phenotype but it digresses rapidly and at about three weeks of age they develop severe conditions that lead to death at about four weeks of age. Metabolic defects are significant and include low levels of serum IGF-1 and acute onset of hypoglycemia. The SIRT6-deficient mice also exhibit total loss of subcutaneous fat, osteopenia and lymphopenia among documented conditions [55] . Based on the phenotype of SIRT6 knockout mice it is obvious that SIRT6 plays a crucial role in vital processes although the precise relationship between SIRT6 function and each of the observed complications is not yet known.
Recent work using the SIRT6 knockout model has provided important information in defining the role of SIRT6 in glucose homeostasis and how it may relate to lifespan [58] . SIRT6 deficiency results in lethal hypoglycemia at approximately four weeks of age. The hypoglycemia occurs in the context of increased glucose uptake into brown adipose tissue and muscle tissue. Blood insulin levels were low and hepatic gluconeogenesis was elevated suggesting that the pancreas and liver were responding to low blood glucose rather than causing it [58] . Additional experiments showed that SIRT6 deficiency caused elevated mRNA and protein levels of the membrane glucose transporter GLUT1. Moreover, the expression levels of five key glycolytic genes were increased [58] . Chromatin imm-unoprecipitation (ChIP) assays indicated that SIRT6 bound to the promoter regions of the five glycolytic genes and that SIRT6 deficiency increased histone H3K9 acetylation of the promoters of these genes [58] . Because the hypoxia-inducible transcription factor Hif1α is an important regulator of enhanced glucose utilization under certain conditions [59, 60] , investigators have sought to determine if there was an interaction between Hif1α and SIRT6. Co-immunoprecipitation assays provided evidence that there was an interaction between the two proteins and that SIRT6 normally represses the activity of Hif1α [58] . Further experimentation revealed that SIRT6 relies upon its interaction with Hif1α in an important regulatory mechanism to control glucose metabolism [58] . These data indicate that SIRT6 functions as a H3K9 deacetylase to regulate glucose metabolism and suggests that methods to regulate SIRT6 activity may be effective in attenuating harmful effects of diabetes, obesity and aging.
SIRT6 Overexpression and Effects on Metabolism and Lifespan
Researchers recently found that male transgenic mice overexpressing SIRT6 had a significantly longer lifespan than wild-type (WT) mice [61] . Interestingly, there was not enhanced lifespan in the female transgenic mice of the same study. Researchers used two transgenic mouse lines made from two different founders to substantiate that findings were not due to a genetic aberration from the transgenic method. The enhanced lifespan in male mice was present in both transgenic lines. The mean lifespan of SIRT6-transgenic relative to WT mice was increased by 14.8% and 16.9% in the two SIRT6 transgenic lines compared to WT. The reason for the longer lifespan in SIRT6 enhanced mice was not easily explained although the authors reported intriguing data and potential mechanisms [61] . Research has indicated that SIRT6 plays a crucial role in maintaining genetic stability [55] and because malignant tumors are a common cause of death in mice it is important to investigate tumor numbers in mice overexpressing SIRT6. Examinations by Kanfi et al. (2012) showed no significant differences between WT and transgenic mice in the tumor spectrum or incidence [61] . It was also found that SIRT6 overexpression had a positive effect on blood glucose regulation but this effect was not sex-specific [61] . Further analysis revealed significant differences in metabolic signaling molecules and pathways between WT and SIRT6 transgenic mice. IGF1 levels were significantly different between male WT and transgenic mice but not between female mice and these differences coincided with differences in expression levels of IGFBP1 [61] , the molecule believed to be the main acute effector of IGF1 levels [62] . Kanfi et al. also examined IGF1 signaling in some tissues and found that the levels of phosphorylated AKT, FOXO1, FOXO3 and IGF receptor were significantly lower in the white adipose tissue of male but not female SIRT6 transgenic mice [61] . These differences in IGF1-related molecules are especially intriguing given the relevance of IGF1 in the aging process [63, 64] . Although these findings do not explain the precise role of SIRT6 in aging it does suggest specific aspects that need to be further examined. The current epidemic of obesity and metabolic syndrome compels investigations into whether anti-aging factors such as SIRT6 may be protective even in the context of obesity. To explore these interrelationships, a recent study examined the effects of SIRT6 over-expression in mice in the context of diet-induced obesity [65] . WT and SIRT6 transgenic mice were fed a high-fat diet (HFD) for 16 weeks that contained 60% of calories from fat. In addition, separate groups of WT and SIRT6 transgenic mice that consumed standard chow served as controls. No significant differences between any of the four groups were found for food intake or body weight. However, when fed with HFD the SIRT6 transgenic mice had significantly lower total body fat and higher lean body mass than their WT littermates [65] . When fed HFD, SIRT6 transgenic mice also had lower serum triglycerides (33% lower), lower LDL-cholesterol (30% lower) and improved glucose uptake during glucose tolerance testing. Transcription profile analysis indicated that the SIRT6 transgenic mice had lower levels of angiopoietin-like protein 4 (ANGPTL4) and DGAT1 as compared to their WT littermates [65] . ANGPTL4 negatively regulates lipoprotein lipase [66] , the enzyme that hydrolyzes triglycerides from plasma lipoproteins so a decrease in ANGPTL4 activity caused by elevated SIRT6 could be a mechanism that causes a decrease in plasma triglycerides. DGAT1 is an intracellular enzyme that is involved in triglyceride synthesis [67] and the 50% decrease in DGAT1 expression in fat tissue of SIRT6 transgenic mice would be expected to significantly decrease triglyceride synthesis [65] . Researchers were also able to determine that SIRT6 directly binds to the DGAT1 promoter and that there was a 3.5-fold higher level of SIRT6 bound in the transgenic mice as compared to their WT littermates [65] . These data suggest SIRT6 is an important repressor of DGAT1 expression. Overall, results from the work of Kanfi et al. (2010) demonstrate SIRT6 overexpression is protective against HFD-induced damage such as lipotoxicity, increased body fat storage and aberrations in regulation of glucose homeostasis [65] .
SIRT6 and NF-kB
The family of transcription factors known as NF-kB has also been implicated in the aging process. One of the key components of NF-kB is the factor known as RELA or p65 because it has been shown to affect the regulation of a variety of genes. A recent study provided evidence of a direct relationship between NF-kB and SIRT6 when it was shown that RELA interacts physically with SIRT6 thereby suggesting that these factors cooperate in regulating certain processes [68] . Researchers used immunoprecipitates (IPs) from 293T cells expressing FLAGtagged SIRT6 and Western blot analyses to show SIRT6 binds RELA and it appears specific to SIRT6 as compared to other SIRT members. When IPs were done using endogenous proteins it was also shown that RELA binds to SIRT6 preferentially over other SIRTs [68] . Chromatin immunoprecipitation (ChIP) analysis indicated TNF-α enhanced levels of SIRT6 bound to promoters of RELA target genes and that this resulted from RELA recruiting SIRT6 to the promoters of genes affected by RELA [68] . Subsequent experiments provided evidence that SIRT6 directly inhibits expression of certain NF-kB target genes and that the mechanism appears to be via SIRT6-directed deacetylation of histone H3 lysine 9 residues that destabilizes RELA binding to chromatin [68] . To validate these findings, it was also shown that SIRT6 depletion led to increased expression of NFkB target genes and RELA deficiency via heterozygosity improved the phenotype of SIRT6 deficient mice [68] . Taken together, these findings point out a direct interaction of SIRT6 and NF-kB that has significant health implications. Although the precise role of this interaction remains to be fully defined [69] , its potential importance to health and wellbeing makes it worthy of future research efforts.
Recent work has also focused on the relationship of SIRT6 and NF-kB and their genome-wide effects on gene expression. A recent study utilized genome-scale ChIP-chip assays with oligonucleotide arrays to characterize the binding of SIRT6 and RELA in mouse embryonic fibroblasts [70] . The assays were done before and after stimulation with TNF-α to examine effects of the stress response of these two protein factors. Results indicated that altogether SIRT6 can bind up to approximately 5050 gene promoters including 1899 genes in unstimulated cells. Upon TNF-α stimulation there was a significant and dynamic movement of SIRT6 from some promoters to others within minutes following TNF-α addition [70] . Analyses also showed that RELA bound to 2738 promoters. Assays revealed that on 1481 promoters both SIRT6 and RELA bound and that RELA plays a significant role in SIRT6 localizing to certain gene promoters [70] . These findings provided more evidence of the cooperation of these two factors in regulating numerous genes in controlling cellular responses.
In summary, there is a great deal more that needs to be uncovered and explained about the aging process. The fairly recent discovery of the Sirtuin family members has provided important insight into the aging process and appears to be a promising avenue for future studies. These efforts should include how diet and lifestyle may influence the Sirtuins as a means of extending lifespan and improving quality of health.
